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Abstract 
To acquire motor skill, it is important to understand one’s own movement and externalize it in words. Movement is 
regarded as a sequence of forms. Therefore, the objective of this research is to develop a system for supporting 
externalization of forms that characterize movement. Since drawing is regarded as one of the effective tools for 
understanding the target movement, a drawing tool is developed in which body form can be drawn by manipulating a 
skeleton model. This tool also monitors the drawing time and points out the body parts that took a long time to draw 
but are not externalized. In this paper, the developed drawing tool is introduced and the effect of the tool for 
understanding body movement in baseball batting is investigated through experiment. 
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1. Background 
A motor skill is an ability to perform specific movement and is often required for activities that involve body 
movements, especially sports [1]. To acquire a motor skill, it is necessary to grasp the inappropriate body movements 
and fix them so as to behave like a target movement. However, since a motor skill is implicit knowledge and is not 
recognized consciously, it is difficult to understand the inappropriateness of one’s movement and the difference 
between that movement and the target movement. 
Many studies have aimed at showing differences of motion data that can be observed from outside of the body, and 
differences that are hard to perceive externally, such as consciousness or slight movement, are not focused on [2, 3]. 
On the other hand, Suwa et al. investigated the change in consciousness in bowlers based on their diary entries after 
playing the game [4]. Suwa also reported that keeping a diary caused subjects to become aware of their own 
movements and improve them [5]. These studies asserted that externalizing one’s movement as a diary deepens 
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awareness about that movement. However, these studies only analyzed the relations between contents of verbalization 
and understanding of the movement, and did not propose a method for promoting verbalization.  
On the other hand, it is said that externalizing one’s own thinking is effective for deepening understanding for 
knowledge [6]. Similarly, in the context of acquiring motor skill, externalizing one’s own movement seems effective 
for understanding one’s own motor skill. On the other hand, Nishiyama et al. insisted that drawing brings new 
awareness of the drawing targets [7]. For motor skill, drawing is easier than verbalizing because we can easily imagine 
body movement visually. Thus, drawing seems a good tool for understanding body movement. In order to draw, it is 
necessary to recall our own body movement, which deepens our understanding of own body movement. In addition, 
to draw the body movement has the effect on noticing key movement which we do not realize. Therefore, we develop 
a drawing tool that provides an environment in which the user can draw motion easily. It is assumed that if we think 
certain body parts are important in a movement, we take a long time to draw the parts. Thus, if there are body parts 
that took a long time to draw but are not targets of verbalization, they may be important parts in the body movement 
but users are not aware of the importance. Our tool monitors the drawing history and points out the body parts that 
may be important but are not noticed by users so as to promote verbalization.  Note that that the verbalization does 
not support directly the improvement of the motor skills, but may give a trigger to improve the motor skills.  
This paper introduces the drawing tool that we have developed. In addition, the effect of drawing on verbalization 
based on the experiment using our tool is mentioned. In this research, the target motor skill is batting in baseball. 
2. Approach 
2.1. Motor skills and forms in batting 
Baseball batting is a movement that swings a bat to hit a ball. Batting forms differ according to the angles of arms, 
swinging speed, the angle of hip twisting, and so on. Such differences occur according to the situation, such as where 
the ball is thrown and where it should be hit. To acquire the motor skill, forms that are appropriate for the situation 
should be acquired. To swing a bat in accordance with the situation, first, basic batting movement should be obtained.  
When we look at batting in micro time, each movement is regarded as a static form, and batting is composed of a 
sequence of plural forms. The sequence of movement starts from the form of the swing start and ends with the form 
of the swing end as shown in Figure 1. 
It is difficult for us to grasp all forms during swinging because individual forms in the swing change immediately. 
Important forms in the movement are those that change the characteristics of the movement, such as the direction and 
speed. The swing start, hitting the ball, and the swing end correspond to the characteristic points in the batting. In this 
research, as the first step for verbalizing the motor skill, externalizing these three forms is focused on. 
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Figure 1  Movement and forms 
2.2. Preliminary experiment 
We assume that to externalize one’s own form by drawing deepens understanding of it because people need to 
recognize each part of the body in detail. To evaluate the effect of drawing in understanding one’s own forms, a 
preliminary experiment was carried out. 
Two students (A, B) in our laboratory were asked to become subjects of the experiment and to draw forms of one of 
three sports: batting in baseball, throwing in bowling, and shooting in soccer. Subjects were asked to draw three forms, 
such as start, middle, and end forms. The middle form corresponds to the form that changes the movement, such as 
hitting the ball in baseball, throwing the ball in bowling, and kicking the ball in soccer. Subject A selected shooting in 
soccer and subject B chose batting in baseball. Subject A had experience in playing soccer of more than 10 years and 
was an expert player. Subject B sometimes enjoyed playing baseball but was not an expert. Before and after drawing 
the forms, they were asked to write their forms as sentences. Descriptions of sentences before and after drawing are 
compared. 
  Description of subject A was not increased after drawing the form. He understood his form deeply enough before the 
experiment, so he did not deepen his understanding of his form. On the other hand, description of subject B was 
increased for hands and feet. This result indicates that drawing one’s own form is effective for verbalizing the form, 
especially for a non-expert athlete. In addition, subject B took a long time to draw hands and feet. These body parts 
correspond to the parts where subject B added the descriptions after drawing. According to this result, it is assumed 
that body parts that we pay special attention to take a long time to draw. Thus, the body parts that took a long time to 
draw should be targets of the verbalization.  
During the experiment, subject A told us that he could not express the form well because he was not good at drawing. 
Based on this opinion, we found that it is necessary to provide a drawing environment in which forms can be drawn 
easily without depending on drawing skills.  
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2.3. Framework of verbalization support system 
We have developed a system for supporting drawing forms and verbalizing them. Our system provides a drawing 
tool in which users can easily draw their own forms. Since users take a long time to draw the body parts that they 
consider important, the system grasps the process of drawing and urges subjects to verbalize the forms of the body 
parts that took a long time to draw. The interaction between users and the system is shown in Figure 2. The target 
users are those who have experience playing baseball but cannot sufficiently explain their body movements. 
 
Figure 2 Interaction between user and system 
Users draw their own forms by using a drawing tool. After drawing, users explain their forms in the verbalization 
window provided by the system. The system analyses the drawing history and detects body parts that took a long time 
to draw but are not mentioned in the explanation. Then, the system points out the body parts as important parts and 
urges users to consider them carefully and verbalize them. The drawing tool should be simple enough to represent our 
forms. In moving our bodies, we focus on joints, not the whole body. As executed in Japanese puppet theatre, selecting 
important joints in the body and ignoring others is important for expressing human-like movement. Therefore, we 
introduce a skeleton model in our drawing tool. The skeleton model represents the human body based on the joints 
and lines that connect them. Forms can be drawn by moving joints in the skeleton model to the appropriate position. 
3. Prototype System 
We have developed a prototype system using C#. The drawing interface is shown in Figure 3. The drawing interface 
is constructed with various buttons and a drawing box in which a skeleton model can be manipulated. The skeleton 
model has 11 joints. Users can draw a form by moving these joints. The duration of moving each joints is recorded as 
the operating time. In this system, three windows are prepared separately to draw three different forms: swing start, 
hitting the ball and swing end. Users can open the windows for the forms by pushing the corresponding buttons. In 
each form, the verbalization button is placed. When the verbalization button is pushed, the verbalization interface of 
Figure 4 is presented as an extra window. This form is used to explain the corresponding form.  
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Figure 3 Drawing interface 
 
Figure 4  Verbalizing interface 
The verbalization interface consists of ten description boxes to explain each body part, such as right and left shoulders, 
elbows, hands, knees, and feet. When the OK button is pushed, the system checks which description boxes are filled 
and which are not. Also, it selects the body parts that took more than five seconds to draw and generates advice in the 
advice box if the description boxes of selected body parts are not filled. The advice is generated by inputting the time 
and body parts to the template: “It took <time> seconds to draw <body part>. Don’t you want to pay special attention 
to the <body part>?” For instance, if the user took 10 seconds to draw the right shoulder and did not fill in the 
description box of the right shoulder, the system generates the advice: “It took 10 seconds to draw the right shoulder. 
Don’t you want to pay special attention to the right shoulder?”  
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When the play button is pushed in Figure 3, the playback window is displayed as in Figure 5. In the upper half of the 
window, the playback box is placed. In the lower half of the window, three forms drawn by the user are shown.  In 
the playback box, the forms that are shown below are displayed in turns like a flipbook. By observing the playback 
box, users can check if they could draw appropriate forms. By clicking the forms shown in the lower part, users can 
modify each form. 
 
Figure 5 Playback window 
4. Evaluation Experiment 
4.1. Experimental Setting 
We have investigated the effectiveness of drawing for verbalization, a drawing tool based on a skeleton model for 
verbalization, and the advice presented by the system. Ten undergraduates were asked to become subjects and draw 
forms in two different ways: using the developed drawing tool (experiment A) or paper and pen (experiment B).They 
were allowed to draw forms until they think they finish drawing them.  Processes of experiments A and B are shown 
in Figures 6 and 7. In experiment A, subjects were asked to describe their own forms, such as swing start, hitting the 
ball, and swing end, as sentences (verbalization i). Then, they were asked to draw forms using the system. This time, 
they were not allowed to move their bodies. After that, they were asked to describe their forms to the verbalizing 
interface (verbalization ii). Next, they were allowed to move their bodies and modify forms that were drawn in 
verbalization ii. Then, they were asked to add the descriptions to the verbalizing interface (verbalization iii). 
Differences of descriptions in verbalizations ii and iii indicate the effects of moving bodies in drawing. Last, subjects 
were asked to observe advice given by the system, and were allowed to add explanations to the verbalizing interface 
(verbalization iv). By comparing verbalizations iii and iv, the effect of the system’s advice is evaluated. 
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Figure 6  Process of experiment A  
 
Figure 7 Process of experiment B 
In experiment B, first, subjects were asked to describe their forms (verbalization v). After that, they were asked to 
draw their forms on paper using a pen. At this time, they were asked to draw the form with the shape of a skeleton, 
which is similar to what can be drawn in the system. Then, they were allowed to add descriptions (verbalization vi) if 
they wanted. Based on the differences of verbalizations iii and vi, the effect of our drawing tool, such as manipulating 
joints in the skeleton model, is evaluated. 
The subjects were categorized into two groups. Group 1 of four subjects (A - D) started from experiment A and 
moved to experiment B. Group 2 of six subjects (E - J) started from experiment B and moved to experiment A. In both 
groups, the final verbalization of the first experiment was regarded as the first verbalization of the second experiment, 
so the first verbalization of the second experiment was omitted. That is, verbalization iv of group 1 became the 
verbalization v, and verbalization vi of group 2 became verbalization i. 
4.2. Experimental Result 
 The numbers of descriptions that were added by each subject in groups 1 and 2 in experiment A are shown in Tables 
1 and 2.  The numbers of descriptions that were added for each body part are shown in Tables 3 and 4. 
 
Table 1 Number of added descriptions for group 1 (experiment A) 
Subjects Verbalization ii Verbalization iii㻌 Verbalization iv㻌
A 10 7 0 
B 5 9 0 
C 5 5 0 
D 7 3 1 
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Table 2 Number of added descriptions for group 2 (experiment A)  
Subjects㻌 Verbalization ii㻌 Verbalization iii㻌 Verbalization iv㻌
E 6 1 0 
F 3 3 5 
G 0 5 0 
H 2 2 0 
I 0 0 0 
J 0 2 0 
 
Table 3 Number of added descriptions for group 1 (experiment B) 
Subjects㻌 Verbalization vi㻌
A 13 
B 2 
C 3 
D 0 
 
Table 4 Number of added descriptions for group 2 (experiment B) 
Subjects Verbalization vi㻌
E 7 
F 2 
G 4 
H 0 
I 4 
J 3 
 
All subjects except I added explanations either in verbalization ii or iii. Thus, drawing forms seems effective in 
understanding one’s own forms. The number of descriptions was larger in verbalization iii than verbalization ii for 
subjects B, G, and J. On the other hand, the number of descriptions was larger in verbalization ii than verbalization 
iii for subjects A, D, and F. Subjects B, G, H, and J had experience playing baseball and the others were beginners. 
Subjects who wrote more descriptions in verbalization ii were all beginners, and subjects who gave more descriptions 
in verbalization iii were all experienced. Since beginners did not have enough experience in considering their forms, 
drawing forms seems effective for reflecting on their own forms objectively. On the other hand, experienced subjects 
reflect their forms many times in their long experience playing baseball. Therefore, only drawing forms did not have 
a great impact on them. Instead, moving their bodies in the process of drawing helped them recall every detail about 
body parts they did not usually consider. 
The effect of operating joints was evaluated by comparing the total number of explanations after using the drawing 
tool (sum of verbalizations ii and iii) and after drawing forms using paper and pen (verbalization vi), which is shown 
in Table 5. Only subjects I and J wrote more explanations in verbalization vi. Subject H, who did not add any 
descriptions after drawing forms using paper and pen said, “I am not good at drawing, so I tried to draw very carefully. 
I focused too much on drawing and did not think enough of my form.” This comment indicates that drawing forms 
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using our drawing tool eliminates the burden of drawing good pictures for users and allows them to focus on their 
body movements. 
Table 5 Comparison between number of added descriptions of verbalizations ii + iii and verbalization vi 
 Subjects Verbalizations ii + iii Verbalization vi 
Group 1 
A 17 13 
B 14 2 
C 10 3 
D 10 0 
Group 2 
E 7 7 
F 6 2 
G 5 4 
H 4 0 
I 0 4 
J 2 3 
 
The effect of the system’s advice is evaluated by the number of descriptions in verbalization iv. Subjects D and F 
were the only subjects who added descriptions in verbalization iv. This result indicates that advice given by the system 
was not effective in prompting awareness of the movements. The system gave advice 56 times during the experiments 
and only 6 instances seemed effective in adding the new explanations. Body parts that took more than five seconds to 
draw were selected as the targets of the advice. However, some subjects draw more slowly than others, so the time 
taken for drawing is different according to the user. To cope with this difference, it is necessary to change the threshold 
for extracting the target body parts for the advice dynamically. 
After the experiment, subjects were asked to answer a questionnaire. Table 6 shows the results. Question 1 asks about 
the usability of the drawing tool. Question 2 is used for evaluating the usefulness of the skeleton model in the drawing 
form. Subjects were asked to select one answer from four candidates (1: bad - 4: good). More than half of the subjects 
selected 3 or 4 with respect to the usability of the system in question 1. This result shows that our drawing tool supports 
drawing the form easily. One subject who answered 2 in question 1 commented that, “It was difficult to use the 
drawing tool because the view is presented only from the pitcher’s perspective.” To address this issue, a function to 
view the form from various angles should be developed. For question 2, eight subjects selected either 3 or 4, so the 
skeleton model is appropriate for drawing one’s own form. One subject who selected 2 commented that, “It was 
difficult to represent the twisting of the waist when hitting the ball.” If this body part of the skeleton model is expressed 
by a figure such as a triangle or a square, it is possible to express a twist. In addition, some subjects wanted the joints 
of the ankles and toes. Thus, we need to modify the representation of the skeleton model and increase the number of 
joints in order to represent the intentions of moving the body parts more correctly. 
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Table 6 Answers to questionnaire 
Questions Choices Number of 
subjects 
1ˊ Could you manipulate the drawing tool 
easily? 
1 0 
2 4 
3 3 
4 3 
2ˊ Could you draw the forms properly that 
you imagined using our drawing tool? 
1 0 
2 1 
3 5 
4 3 
 
5. Summary 
The objective of this research was to support understanding of body forms and externalizing them using sentences. 
To reflect one’s own form, this research introduced a drawing tool by which one’s form can be drawn using a skeleton 
model. The tool also points out the body parts that took a long time to draw as candidates for the important parts of 
the form. Results of the experiment showed that drawing forms using the developed drawing tool was effective for 
the awareness of one’s own body movements. However, the system could not properly extract body parts as important 
parts. To cope with the problem, the threshold for extracting important body parts should be changed dynamically 
according to the user.  
Currently, the externalization of forms is supported and the motion is not focused on. We need to extend our system 
to become a drawing tool for motion. Motion is regarded as a sequence of forms. Currently, our research deals with 
only three forms: swing start, hitting the ball and swing end. To represent motion, more forms should be drawn and 
added to the current sequence. Also, we need to consider a mechanism for promoting the verbalization from added 
forms. 
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